Abstract
Introduction
NAFLD comprises a spectrum of liver disease characterized from simple fatty liver (macrovascular fatty change), to nonalcoholic steatohepatitis (NASH), and to cirrhosis in absence of alcohol consumption in amounts considered detrimental to the liver 1 . In 1980, Dr. J. Ludwig from the Mayo Clinic in Rochester, Minnesota was the first to coin the term NASH. Synonyms of NASH are pseudoalcoholic hepatitis, alcohol-like hepatitis, fatty liver hepatitis, steatonecrosis, and diabetic hepatitis.
Cryptogenic cirrhosis is a common cause of liverrelated morbidity and mortality in USA. NAFLD is now recognized as the most common cause of cryptogenic cirrhosis 2 . NAFLD affects 10 to 24% of general population in various countries. The prevalence increases to 57.5% 3 to 74% 4 in obese persons. NAFLD affects 2.6% of children and 22.5% to 52.8% of obese children 5 . The prevalence of T 2 Diabetes Mellitus varied between 10 to 75% and the prevalence of hyperlipidemia varied between 20 to 92 % 6 .
Staging / spectrum of NAFLD
NAFLD begins with fatty liver, progressing through NASH, and ending with cirrhosis. Fatty liver (steatosis), a harmless condition, is characterized by accumulation of fat in the liver cells without inflammation or scarring. Fatty liver is defined as fat, largely triglyceride exceeding 5% of the liver weight. When the fat content in the liver is 10%, fat begins to appear in many hepatocytes, and exceeds 30% of the weight; almost all of the hepatocytes contain a large drop of fat. It can be roughly estimated by how much of the acinus has fat laden hepatocytes; the involvement is characterized as mild for the pervienular third only, moderate for two-thirds, and severe for the entire acinus 7 .
(steatosis), inflammation (hepatitis), and scarring (fibrosis) in the liver. NASH can ultimately lead to scarring of the liver (fibrosis) and then irreversible, advanced scarring (cirrhosis). Cirrhosis is the last and most severe stage in the NAFLD spectrum.
Causes of non-alcoholic fatty liver disease 8, 9 Arbitrarily, NASH is subcategorized into "primary" and "secondary" NASH.
Primary: Primary NASH refers to steatohepatitis that is associated with metabolic syndrome and is the predominant form of NASH.
Secondary:
• Nutritional: Rapid weight loss, gastrointestinal bypass surgery, total parenteral nutrition, short bowel syndrome, small bowel bacterial overgrowth (small bowel diverticulosis) and protein-calorie malnutrition.
• Drugs: Glucocorticoids, oestrogen, amiodarone, methotrexate, tamoxifen, diltiazem, aspirin, tetracycline, valproate, cocaine, protease inhibitors, nucleoside reverse transcriptase inhibitors.
• Rare metabolic syndomes: Lipodystrophy, hypothyroidism, abetabetalipoproteinaemia, hypobetalipoproteinaemia, and Weber-Christian disease.
• Toxins: Amanita phalloides mushroom, phosphorus poisoning, bacillus cereus toxin
• Infections: HIV, hepatitis C
• Chronic inflammatory disorders:
Rheumatoid arthritis and systemic lupus erythematosus.
Metabolic Syndrome/ Syndrome X 10 The predominant risk factor for NAFLD appears to be insulin resistance related to the metabolic syndrome. In non-diabetic subjects with high insulin resistance 90% had moderate or severe steatosis. Metabolic syndrome is a set of risk factors that includes: abdominal obesity, hyperinsulinemia, insulin resistance, diabetes, hypertriglyceridemia, and hypertension. Recent research has determined that people with syndrome X also have a liver disease. NAFLD appears to be the liver component of this syndrome. In fact, people with syndrome X often have more advanced forms of NAFLD -i.e. fibrosis or cirrhosis. The factors contributing genesis of fatty liver are gender (male), obesity, high alcohol consumption, glucose intolerance and hypertriglyceridaemia, majority are linked to metabolic syndrome.
Pathogenesis of NAFLD
The exact cause of NASH is still unknown. A net retention of lipids within hepatocytes, mostly in the form of triglycerides, is responsible for the development of NAFLD. The primary metabolic abnormalities leading to lipid accumulation are not well understood, but they could consist of alterations in the pathways of uptake, synthesis, degradation, or secretion in hepatic lipid metabolism resulting from insulin resistance.
Insulin resistance:
The metabolic syndrome involving insulin resistance is associated with NAFLD. Protein tyrosine phosphatase 1B (PTP1B) negatively regulates the insulin receptor (IR). Increased PTP1B expression is seen in obesity and possibly is responsible for the insulin resistance seen in the metabolic syndrome 11 .
Insulin resistance owing to inhibition of tumor necrosis factor-a (TNF-a) leads to the accumulation of fat in hepatocytes by two main mechanisms: Lipolysis, which increases circulating fatty acids and hyper insulinemia. Increased uptake of fatty acids by hepatocytes leads to mitochondrial -oxidation overload, with the consequent accumulation of fatty acids within hepatocytes. Hyperinsulinemia resulting from insulin resistance increases the synthesis of fatty acids in hepatocytes by increasing glycolysis and favors the accumulation of triglycerides within hepatocytes by decreasing hepatic production of apolipoprotein B-100. Since weight reduction leads to decrease in TNF-a and other factors it may improve the liver disease. As regards the cause of extracellular matrix deposition in liver tissue, the hepatic sinusoidal lumens are narrowed by swollen hepatocytes containing fat droplets and abundant enlarged endoplasmic reticulum in their cytoplasm, and the hepatic sinusoidal microcirculation is impaired. Consequently, ischemia occurs in the perivenular or intralobular spaces, and hepatic fibrogenesis appears to be enhanced by ischemia, which may lead to liver cirrhosis 7 .
Although these patients are euglycemic, overweight or obesity is still clues that they are insulin resistant; the euglycemic clamp test can detect insulin resistance. Ultimately this insulin resistance leads to elevated blood sugars and T2 DM. Whereas diabetes mellitus type 1 (DM1) is due to defect in insulin secretion. NAFLD may be considered an additional feature of the metabolic syndrome, with specific hepatic insulin resistance 12 .
Insulin resistance can also occur in congenital genetic abnormalities in the insulin receptors and becomes evident later in life as a result of acquired obesity. Increased HTGL activities and elevated apo A-II levels can explain accumulation of triglycerides in the liver, a co-factor of HTGL. In fact, BMI directly correlates with the amount of fat in the liver. Almost all patients with NASH are insulin resistant to some degree, but only minorities of patients who are insulin resistant develop NASH 13 .
The process whereby liver inflammation and death of liver tissue develop in NASH remains to be clearly explained. Several theories, however, have been advanced 14 . Day and James 15 proposed that additional oxidative stress was required for disease progression from steatosis to NASH, although others feel that one-hit e.g., insulin resistance alone is sufficient to explain the full NAFLD spectrum 16 .
One hit hypothesis. According to this theory, the large quantity of fat in the liver is thought to be a source of peroxidation (removal of electrons from molecules), and thereby generates free radicals. These free radicals damage proteins and organelles in the liver cells. Finally, this damage leads to cell death and/or an inflammatory cell cascade that removes the affected cells.
Two-hit hypothesis. With this theory, the first hit is the steatosis. Then, a second event, or second hit, leads to the development of NASH. Kupffer cells are a major immune effector cell may play a pivotal role in the pathogenesis of steatohepatitis. Multiple potential second hits have been suggested.
1. Cytokines, such as tumor necrosis factor-alpha, secreted by cells and involved in inflammation, may induce cell death and even increase insulin resistance.
Intracellular organelles (mitochondria) that
provide energy to the cell may malfunction and thereby cause a decrease in cell energy and lead to cell death.
3. Enzymes (cytochromes) that are involved in multiple metabolic pathways may lead to increased peroxidation and its consequences.
4. Receptors in the cell nucleus that are involved in triggering the effects of insulin (peroxisome proliferator activating receptors, PPAR) may fail and lead to insulin resistance, inflammation, and scarring of the liver.
Obesity is an inflammatory state and adipose tissue is now recognized to be a hormonally rich tissue that secretes a number of physiologically active peptides. These peptides or "adipocytokines" can be classified as proinflammatory, such as leptin, TNF-á and IL-6, or anti-inflammatory and anti-steatotic, such as adiponectin. They all have a role in the regulation of adipocyte metabolism, with a direct role in several insulin-mediated processes 17 .
TNF-α α α α α 18
Several studies have shown that FFAs activate a kinase cascade that results in IR via abnormal phoshorylation of IRS-1. During this process TNFα is synthesized, leading to further IR and release of FFA and TNFá from adipose tissue. TNFα promotes release of mitochondrial ROS and is fibrogenic. Chronically elevated TNFα levels promote hepatocellular death through alterations in ATP levels or apoptosis. In the absence of any extrahepatic inflammatory conditions, TNFá plasma levels correlate with BMI and increased expression of adipose tissue TNFá mRNA has been shown in patients with a histological diagnosis of NASH.
Adiponectin 19, 20 This is an anti-steatotic adipocytokine that enhances FFA oxidation and decreases FFA synthesis in the liver and thus it is regarded as a hepatic insulin sensitizer. Serum adiponectin is markedly decreased in patients with obesity, T2DM, and NASH. Adiponectin's hepatic receptor (adipoR2) in patients with NASH is also down regulated. Administration of recombinant adiponectin relieves the metabolic derangement and liver damage in animal models of NASH.
Leptin resistance:
Leptin is a very small hormone that is secreted by the brain, fat, and stomach cells in response to eating. Decreased expression of leptin or of functional leptin receptors results in hyperphagia, decreased energy expenditure, and obesity. Patients with NASH have abnormally elevated levels of leptin but experience no loss of appetite. That is, they are resistant to the appetite-curbing effect of leptin. The leptin also helps control the processes of inflammation and scarring within the liver cells. Furthermore, interestingly enough, leptin also increases insulin sensitivity. But the fact that patients with NASH are insulin resistant supports the idea that the leptin receptors are malfunctioning 21 .
Other adipocytokines, which may be implicated in NAFLD or IR are resistin, visfatin and acetylated stimulating protein 17 .
Finally, not all patients with NASH will develop cirrhosis. Cirrhosis may simply develop over time as a result of chronic inflammation and repair, or may be due to yet a third hit. This varying susceptibility of individuals to these diseases coupled with multiple disease-producing pathways suggests that the cause of primary NASH is a multi-faceted process. The cause is thought to involve altered lipid metabolism that results from environmental factors and genetic predisposition.
Role of intestinal bacterial overgrowth in the pathogenesis of NASH
A clear link between intestinal bacterial overgrowth and liver damage during NASH has recently been established 22 . Bacterial overgrowth has been detected in NASH patients with breath tests with lactulose and D-xilose 23 , as well as in some forms of secondary NASH, such as that associated with obesity-related intestinal surgery 24 .
Clinical features of NAFLD/NASH 16
Patients are usually asymptomatic but commonly have features of the metabolic syndrome such as high BMI, hypertension, dyslipidaemia and impaired glucose tolerance/T2DM. Vague dull and aching right upper-quadrant abdominal pain due to the stretching of the liver capsule may be present. Hepatomegaly is present in around 50% and acanthosis nigricans may be present in children.
In contrast to ALD, HBV, and HCV, symptoms of severe, acute (rapid onset) liver failure i.e. jaundice, intense fatigue, loss of appetite, nausea, vomiting, and confusion is not observed in NAFLD. The cirrhosis stage of NAFLD usually occurs later in life (age 50 to 60 years), presumably after many years of NASH. Fatty liver has also been described in several medical syndromes like polycystic ovarian syndrome, congenital lipodystrophy syndromes.
Complications of NASH
The complications of NASH include cirrhosis (also considered the last stage of NAFLD) and hepatocellular carcinoma (HCC).
The risk of developing cirrhosis in a patient with NASH varies perhaps from 8% to 15%. In most instances when cirrhosis develops, the fatty infiltration disappears (regresses) along with the inflammation, referred to as burned-out cirrhosis. This may result from less fat coming to the liver by way of the portal vein. The progression to cirrhosis in NASH is thought to be slow and the cirrhosis diagnosis is typically made in patients in there sixties. A study from France suggests that patients with NASH have a similar risk of developing cirrhosis, as do patients with HCV 25 .
Indeed, the incidence of HCC in NASH cirrhosis appears to be similar to that observed in HCV cirrhosis (1-2% per year). HCC may develop as a result of liver repair and regrowth (hepatocellular regeneration). Some authors, however, have suggested that insulin resistance in this situation may promote the development of liver cancer 26 .
Diagnosis
The most frequent biochemical abnormality is persistent, fluctuating, and mild to moderately elevated transaminases (ALT and AST). The AST to ALT ratio appears to be a useful index for distinguishing NASH from ALD. Values <1 suggest NASH, whereas a ratio of e" suggestive of ALD. Unfortunately, however, no biochemical test or imaging procedure can differentiate simple fatty liver from NASH Serum bilirubin and alkaline phosphate is usually normal in patients with NASH. Gamma glutamyl transferase is usually abnormal (> 35 U/L) and alkaline phosphatase may be up to twice normal, sometimes giving rise to a cholestatic variant. 27 Other causes of raised aminotransferese must be excluded (table-1) 28 . Serum ferritin can be significantly elevated, but transferrin saturation is usually normal. These iron studies suggest the presence of only mild, if any, deposition of iron in the liver (iron overload) 29 .
Table 1 Causes of chronically elevated aminotransferase levels
Hepatic Causes Ultrasound is comparatively cheap and readily available but is less sensitive at detecting minimal (<30%) steatosis or among obese patients (BMI of 35-40 kg/m 2). Thus a negative ultrasound does not necessarily exclude NAFLD. A good quality ultrasound can be highly sensitive and specific in diagnosing fatty liver. The classic finding is a hyperechoic (bright) liver. But this finding is nonspecific (positive predictive value 62%), but sensitive (85-95%) 30 . The sonogrphic findings 31 are graded as follows:
• Grade 0: normal echogenicity
• Grade 1:slight diffuse increase in fine echo's in liver parenchyma with normal visualization of the diaphragm and intra hepatic blood vessels borders
• Grade 2: moderate diffuse increase in fine echo's in liver parenchyma with slightly impaired visualization of the diaphragm and intra hepatic blood vessels borders
• Grade 1:marked diffuse increase in fine echo's in liver parenchyma with poor or nonvisualization of the diaphragm, intra hepatic blood vessels borders and posterior lobe of the liver.
CT scan can detect fatty liver, even the degree of fat infiltration, but may be hampered by any liver iron deposition. Hepatic steatosis decreases the CT attenuation of the liver. While these features allow hepatic steatosis to be defined with a 76% positive predictive value 30 . The severity of hepatic fatty infiltration is graded as follows 31 .
• Grade 0: normal;
• Grade 1: liver attenuation is slightly less than spleen;
• Grade 2: more pronounced difference between liver and spleen and intra hepatic vessels not seen or slightly higher attenuation than liver;
• Grade 3: markedly reduced liver attenuation with sharp contrast between liver and intra hepatic vessels.
MRI is the overall best, most expensive imaging exam for fatty liver 30 . The minimal advantages of MRI are balanced against wider availability and lower cost of ultrasonogram 31 .
Thus, a presumptive diagnosis of NAFLD can be made in an individual based on the following criteria.
• Clinical and/or biochemical signs of insulin resistance
• Chronically (long duration) elevated ALT
• Signs of fatty liver on ultrasound
• Exclusion of other causes of elevated ALT and fatty liver
Only a liver biopsy can establish a definite diagnosis and determine the severity of the condition.
Liver biopsy
In NASH, fibrosis heterogeneity is substantial and is greater than in HCV, and parenchymal injury, fibrosis, and healing might vary in different regions of the liver, demanding individual needle cores should be longer than 1.6cm for acute diagnosis 32 .
The lesions most commonly accepted for NASH include steatosis, ballooning degeneration, mild diffuse lobular mixed acute and chronic inflammation, and perivenular, perisinusoidal collagen deposition. Zone 3 accentuation may be detected. Mallory's hyaline, vacuolated nuclei in periportal hepatocytes, lobular lipogranulomas, and PAS-diastase-resistant Kupffer cells are common.
In children, portal inflammation may be more prominent than in adults 33, 34 .
A staging score was developed to reflect both location and extent of fibrosis. The fibrosis score was derived from the extent of zone 3 remodeling. The score is as follows: Stage1: Zone 3 perisinusoidal fibrosis; Stage 2: as above with portal fibrosis; Stage 3: as above with bridging fibrosis; and Stage: cirrhosis 35 .
As no specific treatment is available for NAFLD or NASH, the result of a biopsy would not impact the patient's treatment. It may be important to know whether an individual has severe NASH, especially if she or he is young, as the risk of developing cirrhosis later on is high. So a liver biopsy has a prognostic value and can exclude the presence of other liver diseases. The decision to do liver biopsy to diagnosis NASH in clinical practice should be made on a case-by-case basis.
Risk factors assessment of NASH
Risk factors for adverse clinical symptoms include patients older than the age of 45, the presence of diabetes or significant obesity (BMI greater than 30 kg/m 2 ), an AST/ ALT ratio >1 and hepatic histology 36 . Poor outcomes are more frequent in patients in whom biopsies show ballooning degeneration and Mallory hyaline or fibrosis 26 .
Iron deposition in the liver appears to be more common at the stage of severe, irreversible liver scarring (cirrhosis). Testing for serum iron markers, however, turns out to be of little use in predicting any degree of liver scarring (fibrosis) 29 .
Treatment
No single truly effective treatment has been found to date. Treatment is important to prevent the development of cirrhosis and its complications.
Patients with NAFLD will usually have features of the metabolic syndrome, treatment of which is important to reduce cardiovascular risk. Four main strategies have been employed in the treatment of NAFLD, usually in those with the intermediate phase of NASH; lifestyle intervention, dyslipidaemia therapy, insulin sensitizing drugs and anti-oxidant/ anti-cytokine agents as well as discontinuation of potentially hepatotoxic drugs 37 .
A. Lifestyle Modification 38, 39 As most patients with NAFLD have the metabolic syndrome, lifestyle interventions that decrease weight and increase exercise are a logical initial approach as they reduce insulin resistance and cardiovascular risks. Losing weight has a beneficial effect on ALT and steatosis in patients with NASH. In addition there is evidence that weight loss reduces leptin and IL-6. Orlistat, sibutramine and rimonabant are licensed for the treatment of obesity. Combination of medications and orlistat or sibutramine as a monotherapy plus lifestyle modification was more effective than either intervention alone. Orlistat also improves steatosis 40 . Gastric reduction operations for morbid obesity may result in substantial weight loss, a marked reduction in transaminases and a regression of fatty liver. However, rapid weight loss can also induce the occurrence of NASH, perhaps inflammatory cytokines and the fat that produce the fatty liver and inflammation come from the body fat. Moreover, small bowel bypass surgery entails the risk of bacterial overgrowth and worsening steatosis.
Even in non-obese, a healthy diet and daily physical activity may reduce inflammation, lower elevated levels of liver enzymes and decrease insulin resistance.
B. Dyslipidaemia Therapy
Gemfibrozil lowers transaminases and serum triglycerides. A one-year trial of clofibrate showed that it lowered blood fats, however, had no positive effect whatsoever 41 . Statins may decrease fatty liver.
C. Insulin Sensitising Agents
Metformin 42 causes fall in ALT, a 20% decrease in liver volume and improvement in insulin sensitivity and perhaps decreases inflammation and scarring in the liver. Thiazolidinediones (rosiglitazone and pioglitazone), peroxisome proliferator-activator receptor (PPAR)-gamma agonist 43 , also increases insulin sensitivity and perhaps improves steatosis.
D. Anti-oxidant/anti-cytokine Agents
A number of agents exist in this class and include UDCA, Vitamin E, beta-carotene, pentoxifylline, selenium and betaine.
• Ursodeoxy cholic acid: decreases transaminases, gamma-glutamyl transpeptidase and improves histological grades of steatosis. Ursodeoxycholic acid has several mechanisms of action that justify its use in NASH: hydrophilic effect (resulting in the displacement of toxic hydrophobic biliary salts), and immunomodulatory and cytoprotective properties. An oral dose of 13-15 mg/day for 12 months may be efficacious in improving liver biochemistry alterations and steatosis, although no favorable changes occurred in the rest of the histological lesions of NASH 43 .
• • Betaine: Betaine, a naturally occurring metabolite of methionine, raises Sadenosylmethionine (SAM) levels that may in turn play a role in decreasing hepatic steatosis 44 .
• Aggressive control of components of metabolic syndrome
• Other treatment options 9,46,47 :
• A number of complementary and alternative therapies -many of them herbs and nutritional supplements -purport to improve liver heath. Among these are milk thistle, alpha-lipoic acid (thioctic acid), N-acetyl cysteine (an amino acid byproduct) and omega-3 fatty acids.
• Antibiotics: Because bacterial overgrowthderived lipoproteins may be involved in the Algorith of investigation and treatment of NAFLD 17 
Yes
Yes No Yes development of NASH; oral metronidazol (0.75-2 g/day for 3 months, followed by a similar period without treatment) may be efficacious in reverting steatosis and, in some cases, inflammation and fibrosis. Oral polymixin B may improve parenteral nutrition-associated NASH by reducing liver exposure to intestinal floraderived endotoxin.
• Probiotics: The knowledge of the role of bacterial overgrowth in the pathogenesis of NASH has led to the proposal of probiotics as a therapeutic strategy for this disorder. Probiotics may interfere with the development of NASH at various levels: 1) decreases in proinflammatory cytokines, such as TNF-; 2) alteration of the inflammatory effects of pathogenic strains of intestinal bacteria, through changes in cytokine signaling; 3) replacement of pathogenic strains of bacteria; and 4) improved epithelial barrier function (thereby avoiding excessive exposure of the liver to LPS and bacterial ethanol).
• Certain nutritional deficiencies, which are common among people with NAFLD, may provide a clue in the search for a successful treatment. Some people who receive intravenous feedings for prolonged periods of time develop fatty liver in addition to a choline (Choline is a B vitamin) deficiency and correcting the choline deficiency resolve the fatty liver as well.
• Coenzyme A is a substance that is essential for the metabolism of carbohydrates, fats, and certain amino acids. It contains pantothenic acid, a B vitamin that is necessary for growth. In some studies, people with NAFLD were supplemented with a form of coenzyme A, and this caused the extent of fat deposits in the liver to decrease. More research must be done to confirm the efficacy of this type of nutritional supplementation.
• Biotin, a B vitamin has been shown to decrease insulin resistance. Studies on people with NAFLD have not been conducted at this time, but biotin supplementation would be an interesting area of exploration for people with NAFLD.
• Metadoxine restores hepatic glutathione concentrations and acts as an antifibrogenic agent and has proved efficacious in the treatment of alcoholic liver steatosis.
• Silymarin also possesses antioxidant and antifibrogenic properties, with beneficial effects in alcoholic liver disease. S-adenosyl-methionine has anti-steatotic, anti-inflammatory, antioxidant, and anti-fibrotic properties. Oral treatment with 600 mg/day or intramuscular administration of 50-100 mg/day have shown efficacy in terms of biochemical, histological, and echographic parameters of liver steatosis, in the absence of adverse effects.
Conclusion:
NAFLD is probably the single most common liver abnormality in the United States. It appears to be linked directly to the growing epidemic of obesity in adults as well as in children. Thus, in a sense, NAFLD is a sell-inflicted liver disease, much like alcoholic liver disease. But only a minority of patients who are obese or diabetic will develop severe liver disease and this is most likely determined genetically. In addition, increasing evidence suggests that obesity and diabetes can worsen alcoholic liver disease and liver disease due to HCV.
For these reasons, basic science researchers, liver specialists, nutritionists, and endocrinologists are combining their efforts to better understand and contain this process that has been recognized for only the past 30 years.
The single most effective treatment for obese people with NASH is to simply lose weight through diet and exercise. Unfortunately, this is no easy task in our present society, which is dominated by a sedentary lifestyle and high-calorie, highcarbohydrate, high-fat diets. With great effort, however, weight loss is achievable.
